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INTRODUCTION 



In 1959, mentholated cigarettes represented 10.5% of the domestic cigarette market. By 
1971, this figure had increased to 23.8%. From 1967 to 1971, the domestic cigarette 
market had a 3% growth while the mentholated cigarette market had a 14.6% growth. This 
increased pdpularity of mentholated cigarettes has been accompanied by increased efforts 
to determine the fate of menthol while the cigarette is in storage and while it is being 
smoked. Jenkins et el. 1 have presented data on the distillation, combustion, and pyrolysis 
contribution of C ,4 -labeled menthol to the mainstream cigarette smoke. Brozinski etal. 1 
have presented data which described menthol migration in a cigarette and the effect of 
cigarette age and of the initial placement of menthol on its delivery. 

This work describes the effect of filter weight, filter surface area, plasticizer type, plasticizer 
concentration, and storage time on menthol migration from the tobacco column to the 
acetate filter of a filter cigarette. 


1 

EXPERIMENTAL 

I 

I 

Equipment 


Gas Chromatographic Unit 

Varian Aerograph Model 600-D gas chromatograph was used to analyze the smoke samples. 
This instrument was equipped with a single 3-ft X 1/8-in. stainless steel column packed with 
Chromosorb-G (80-100 mesh) chromatography packing coated with Caslerwax (3%) liquid 
phase. The temperatures of the injector, column, and detector were maintained at 195, 125, 
and 125°C, respectively. The carrier gas (helium), hydrogen, and air were maintained at 
flow rates of 60, 22, and 350 ml/min, respectively. 
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Materials and Methods 


o 


Filters and Plasticizers 

The filters and plasticizers are listed in Table 1. 


TABLE 1 

1 EXPERIMENTAL CELLULOSE ACETATE FILTERS 


Filter 

Denier Per 
Filament 

Total 
• Denier 

Plasticizers 

Filter 

Length, Mm 

Filter 

Weight, Mg 

Surface 
Area, Cm* 

Eurobond® 

Percent 

A 

8.0 

80,000 

B 

6 

16 

158 a 

171 

B 

5.0 

80,000 

B 

6 

16 

160* 

229 

C 

1.6 

57,000 

B 

6 

20 

160® 

382 

D 

3.3 

42,000 

B 

6 

20 

142 

- 

E 

3.3 

42,000 

B 

0 

20 

158 

- 

F 

3.3 

42,000 

E 

4 

20 

- ' 

- 

G 

3.3 

42,000 

B 

4 

20 

- 

- 

H 

3.3 

42,000 

E 

8 

20 

- 

- 

1 

3.3 

42,000 

B 

8 

20 

- 

- 

J 

3.3 

42,000 

None 

0 

20 

- 

- 



a Weight of dry cellulose ecetate tow in the filter. 
I 


Cigarettes 

Mentholated cigarettes (84 mm) were purchased on the open market, and the filters were 
removed and discarded, The experimental cigarettes consisted of these mentholated tobacco 
columns (64 mm) and an experimental filter which was initially free of menthoh, 

Storage Procedure 

The cigarettes were sealed in cigarette packs and stored for 4, 9, 14, 22, 28, and 54 days. 
The storage time deviated less than ± 3 hr from the stipulated number of days. The ciga¬ 
rettes were removed from storage, separated into filter and tobacco sections, and placed in 
vials in preparation for analysis. 
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Analysis 


Menthol was extracted from three filters with 10 ml of Freon 113 and from three tobacco 
columns with 25 ml of Freon 113. The samples were shaken for 1 hr, A known amount of 
internal standard (anethole) was added, and the samples were shaken for an additional 15 
min in preparation for gas chromatographic analysis. The gas gramatograph was used to 
determine the amount of menthol in each sample. 


RESULTS AND CONCLUSION 


Effect of Filter Weight on Menthol Migration 

Filters D and E (Table 1) were constructed at the minimum and maximum capability setting 
of the filter rod machine, respectively; the other parameters remained constant. The data 
in Table 2 show a small but significant difference in the menthol content of filters D and E. 
The amount of menthol that migrated from the tobacco to the filter increased approxi¬ 
mately 0.7% as the filter wieght increased from 142 to 156 mg; therefore, a 10% increase in 
filter weight caused only a slight increase in the percentage of menthol that migrated from 
the tobacco column to the filter. 


TABLE 2 

EFFECT OF FILTER WEIGHT ON THE MIGRATION OF MENTHOL FROM 
TOBACCO COLUMN TO FILTER 


Filter Waight, 

Mg 

Aim 

Manthol Migrating to Flltar, M* 

St Drag* Tima, Days 

4 

9 

14 

22 

2B 

64 

142 

(Filter 0) 

1 

4.7 

5.4 

a.o 

7.7 

13.6 ’• 

21.5 

2 

4.3 

5.3 

7.0 

3.6 

15.3 

21.6 

3 

4.6 

6.0 

5.3 

8.8 

16.0 

21.9 

Avg 

4.5 

5.7 

7.0 

8.7 

15.0 

21.7 

156 

(Filter E) 

1 

4.7 

5,7 

7.8 

8.5 

15.3 

24.5 

2 

4.6 

5.7 

7.7 

12.0 

15.4 

2t.7 

3 

4.3 

5.7 

8.5 

10.5 

16.3 

21J 

Avg 

4.5 

5.7 

8.0 

10.3 

15.7 

22.7 


a Amount of menthol on filter X 100 +amount of menthol on tobacco and filter. 
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Effect of Filter Surface Area on Menthol Migration 


An analysis of variance 3 of the data in Table 3 showed a significant difference in the men¬ 
thol content of filters A, B, and C, Of the three filters tested, filter A had the lowest surface 
area and the lowest percentage of menthol that migrated from the tobacco to the filter; 
filter C had 67% mt^re surface area than filter B, yet a larger percentage of menthol mi¬ 
grated to filter B. There was no correlation between filter surface area and the percentage of 
menthol that migrated from the tobacco to the fitter. 


TABLE 3 

EFFECT OF FILTER SURFACE AREA ON THE MIGRATION OF MENTHOL 
FROM TOBACCO COLUMN TO FILTER 


. .Fitter Surfer* f 
Art*, Cm* 

Run 

■ .-v.i... 

> a .Menthol Migrating to Fitter, X 

■ ■ Storage Time, Dtys 

4 

8 

14 

22 

28 

54 

171 . 
(FilttrA) 

1 

6.8 

6.7 

7.0 

9.1 

169 

211 

2 

S.0 

6.6 

6.9 

mi 

15.0 

24.2 

3 

6.4 

64 

69 

160 

166 

23.8 

Avj 

S.4 

66 

69 

9.7 

14,5 

217 

229 

(Filler B) 

_1 . 

1 

6.6 

8.0 

7.7 

ms 

17.0 

269 

2 

5.7 

7.5 

68 

167 

17.4 

27.7 

3 

5.1 

m 2 

61 

11.7 

18.0 

23.0 

Avs 

5.4 

8.6 

62 

11.1 

17.8 

27.9 

I 

382 

(Fitter C) 

1 

4.8 

9.3 

7.9 

167 

168 

27.8 

2 

6.7 

9.8 

66 

11.6 

17.0 

25.2 

3 

5.4 

5.9 

8.1 

8.9 

17.2 

27 2 

Avj 

5.3 

8.3 

8.2 

164 

17.0 

268 


✓ 



Effect of Plasticizers, Concentration of Plasticizer, 

end Storage Time on Menthol Migretion , 

In Table 4 data are given on the effect of two plasticizers, plasticizer concentration, and 
storage time on menthol migration from the tobacco to the filter of a cigarette. A statistical 
analysis (Student's f) showed there was nosignificant difference in the effects of Estrobond® 
B and Estrobond E plasticizers on the menthol migration rate. After 54 days of storage, 
only-a small amount of menthol had migrated from the tobacco to the nonplasticized filter. 
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I 



An increase in plasticizer concentration -from 4 to 8% caused a 50% increase in the amount 
of menthol that migrated from the tobacco to the filter regardless of the type of plasticizer. 
Therefore, the amount of menthol migration from the tobacco to the filter can be altered, 
depending upon the amount of plasticizer utilized to bond the cellulose acetate tow. A 
threefold increase in menthol migration from the tobacco to the filter was observed as the 
storage time {or the filter cigarettes with plasticized filters increased from 9 to 54 days. 


TABLE 4 

EFFECT OF PLASTICIZERS. CONCENTRATION OF PLASTICIZER, AND STORAGE 
TIME ON THE MIGRATION OF MENTHOL FROM TOBACCO COLUMN TO FILTER 


Storage 
Time, Days 

Menthol Migrating to Filter, K 

Filter Plasticizer Content 


Eurobond® E 

£strobond®B | 

None 

4% 

8% 

4% 

8% 

0 

0 

0 

0 

0 

0 

8 

0 

4.2 

6.6 

4.8 

6.6 

14 

0 

6.7 

9.8 

6.4 

11.3 

22 

0 

6.9 

9.7 

6.5 

11.7 

28 

0.2 

9.9 

18.1 

10.7 

14.7 

• 54 

0.7 

12.9 

17.7 

12.0 

21.9 
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